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ROTARY DRILLING HOLES IN COALBEDS FOR DEGASIFICATION 
by 
Joseph Cervik,' H, HI Fields12 and G, N, Aul3  
ABSTRACT 
Coal is a soft and brittle material. Drilling rates in the Pittsburgh 
coalbed using a drag bit exceed 3 ft/min at 2,500-pound thrust. However, 
maintaining the bit on a horizontal trajectory or parallel to bedding planes 
to attain lengths of 1,000 feet is difficult. This Bureau of Mines report 
presents a drill string configuration that can be guided through the coalbed. 
The angle of the borehole is measured periodically and by proper combinations 
of bit thrust and rotational speed (r/min), bit trajectory can be lifted or 
dropped to keep the bit in the coalbed. An example of a hole drilled to 
2,126 feet is presented to show levels of thrust and rotational speed used to 
lift or drop the bit, the seemingly unexplainable events that occur, and the 
strategy used during drilling. Thrust levels during drilling range from 
600 to 2,500 pounds. Hydraulic motors powered by a 30-hp, 440-volt motor 
provide ample power for drilling horizontal holes 2,000 feet long. 
INTRODUCTION 
Experience has shmn that methane flow rates from horizontal holes 
drilled into coalbeds are directly proportional to length. For holes drilled 
from underground locations in a coal mine in the Pittsburgh coalbed (Fairview, 
W. Va., area), a characteristic flow rate is 25,000 ft3/d per 100 feet of 
hole. However, in areas of the coalbed remote from mining, such as in shafts 
located 1 mile or more from an underground mine, initial flow rates are much 
greater and approach 65,000 ft3/d per 100 feet of horizontal hole. The lower 
flow rate is the result of partial degasification of the coalbed along the 
periphery of the mine. 
Maintaining a bit on a horizontal trajectory or inclined to follow the 
dip of a coalbed is difficult. The natural tendency of the bit during 
horizontal drilling is to arc downward because of gravity. Changes in hard- 
ness of the coalbed or hard inclusions such as pyrite balls may deflect the 
bit in an unpredictable manner. 
lSupervisory geophysicist. 
2 Mining engineer. 
~eologis t. 
A b i t  d e v i a t i n g  from a  given t r a j e c t o r y  by lo w i l l  i n t e r c e p t  t h e  t op  o r  
bottom of  a  7 - f o o t - t h i c k  coalbed i n  200 f e e t ,  and i n  a  4 - f o o t - t h i c k  coalbed,  
w i t h i n  115 f e e t  i f  s t a r t e d  i n  t h e  c e n t e r  o f  t h e  coalbed.  Hence, p r e c i s e  
c o n t r o l  must be maintained on t h e  t r a j e c t o r y  t o  keep t h e  b i t  i n  t h e  coalbed 
and t o  a t t a i n  l eng ths  of 1,000 f e e t  o r  more. 
S t a r t i n g  i n  1957, t h e  B r i t i s h  conducted experimental  d r i l l i n g  s t u d i e s  
t o  develop t o o l s  and equipment f o r  d r i l l i n g  h o r i z o n t a l  h o l e s  i n  c o a l  t o  
dep ths  of 450 f e e t  (1) .4 Procedures were developed f o r  induc ing  t h e  b i t  t o  
r ise o r  f a l l ;  no i n f z rma t ion  was publ i shed  on b i t  t h r u s t  and r o t a t i o n a l  speed. 
A s t a t e - o f - t h e - a r t  s tudy  on h o r i z o n t a l  d r i l l i n g  i n  1970 (5) concluded t h e r e  
a r e  no r e l i a b l e  publ i shed  d a t a  on horsepower, t h r u s t ,  r o t a t i o n a l  speed,  b i t  
c o n f i g u r a t i o n ,  and t h e  e f f e c t s  of t he se  f a c t o r s  on h o l e  t r a j e c t o r y .  I n  t h e  
P i t t s b u r g h  coalbed ( L ) ,  h o r i z o n t a l  d e g a s i f i c a t i o n  ho l e s  have been d r i l l e d  
ranging  i n  l e n g t h  from 500 t o  850 f e e t .  Hole t r a j e c t o r y  was c o n t r o l l e d  by 
c l o s e - f i t t i n g  s t a b i l i z e r s  (packed h o l e )  t h a t  ranged from 2 t o  10  f e e t  long.  
Torque, d r i l l i n g  speed,  t h r u s t ,  and r o t a t i o n a l  speed were n o t  measured. A t  
a  demonstrat ion i n a s t r i p  p i t  ( 4 ) ,  a  h o r i z o n t a l  h o l e  was d r i l l e d  t o  a  depth 
of 1 ,034 f e e t .  D r i l l i n g  parameTers and a  d r i l l - s t r i n g  con f igu ra t i on  were 
developed exper imenta l ly  t o  c o n t r o l  ho l e  t r a j e c t o r y .  
Holes i n  excess  of 1 ,000 f e e t  expose a  l a r g e  a r e a  of t h e  P i t t s b u r g h  
coa lbed  t o  d e g a s i f i c a t i o n  and,  t h e r e f o r e ,  fewer ho l e s  a r e  r e q u i r e d  a long  
t he  mine 's  per iphery  t o  reduce s i g n i f i c a n t l y  methane flow i n t o  t h e  mine. 
a d d i t i o n ,  f o u r  o r  f i v e  h o r i z o n t a l  ho l e s  (1,000 f e e t  long)  produce about  
1 m i l l i o n  f t 3 / d  of methane, which can be piped t o  t h e  s u r f a c e  through a n  
underground system of p i p e l i n e s .  Reduction i n  methane flow i n t o  mine 
openings improves s a f e t y ,  r e s u l t s  i n  a  sav ings  i n  v e n t i l a t i o n  c o s t s ,  and 
improves t h e  p o t e n t i a l  f o r  i nc r ea sed  c o a l  product ion.  
The o b j e c t i v e s  of t h i s  Bureau of  Mines r e p o r t  a r e  t o  d e s c r i b e  t h e  
demonstrated methods of main ta in ing  a  b i t  on a  predetermined t r a j e c t o r y  and 
t o  p rov ide  d a t a  on d r i l l i n g  parameters  and equipment. This  r e p o r t  provides  
g u i d e l i n e s  and reviews concepts  f o r  ( t hose  who a r e  contemplat ing)  a  h o r i -  
z o n t a l  d r i l l i n g  program. D r i l l i n g  procedures  and parameters  have been 
developed f o r  t h e  P i t t s b u r g h  coalbed.  Although procedures  and parameters  
may r e q u i r e  s l i g h t  mod i f i ca t i ons  i n  o t h e r  coa lbeds ,  t h e  p r i n c i p l e s  of  
h o r i z o n t a l  d r i l l i n g  a r e  unchanged. 
ACKNOWLEDGMENTS 
The coopera t ion  of Eas t e rn  Associated Coal Corp., P i t t s b u r g h ,  Pa . ,  i s  
g r e a t l y  app rec i a t ed .  The au tho r s  thank Wil l iam L a i r d ,  v i c e  p r e s i d e n t - -  
r e s e a r c h  and development, f o r  h i s  coopera t ion  i n  conduct ing some of t h e  work 
desc r ibed  i n  t h i s  r e p o r t  and f o r  h i s  cont inued i n t e r e s t  and suppor t .  W e  
acknowledge the  work of Fenix and Sc i s son ,  I n c . ,  Tu l sa ,  Okla. ,  on h o r i z o n t a l  
d r i l l i n g ,  which was sponsored by t he  Bureau of Mines ( con t r ac t  No. H0111355). 
"under l ined  numbers i n  paren theses  r e f e r  t o  i t ems  i n  t h e  l i s t  of r e f e r ences  a t  
t h e  end of  t h i s  r e p o r t .  
DRILLING HARDWARE 
Coal i s  a s o f t  and b r i t t l e  ma te r i a l  i n  comparison t o  a sandstone and, 
t h e r e f o r e ,  p re sen t s  no s p e c i a l  problems i n  d r i l l i n g .  However, hard  
i n c l u s i o n s  such as p y r i t e  concre t ions  do cause d r i l l i n g  problems (2, 5 ) .  
C e r t a i n  b i t  designs w i l l  no t  p e n e t r a t e  a l a r g e  p y r i t e  mass, and i f  the  b i t  i s  
no t  de f l ec t ed  by the  i n c l u s i o n ,  d r i l l  pipe must be pul led  and the  b i t  changed. 
( 1  ( ,  
a m -  
. ; ( *A1  / , 1 r 1 (  t i t  s ,  
FIGURE 1. - D r i l l  bits. A, Three-blade drag bit; i?, three-cone rol ler bit; C, plug bit; 
Water a t  f low r a t e s  of  15  t o  20 gal /min i s  e f f e c t i v e  i n  removing d r i l l  
c u t t i n g s  and prevent ing  blockage a t  p e n e t r a t i o n  r a t e s  of  3 f t /min .  I n  some 
underground d r i l l i n g  l o c a t i o n s ,  d i s p o s a l  of  d r i l l  wa te r  i s  a  problem and a  
r e c i r c u l a t i n g  system must be  used. A i r  a s  a  c i r c u l a t i n g  medium i s  no t  p e r -  
m i t t e d .  An exp los ive  a i r lme thane  mix ture  w i l l  form, and sparks  from d r i l l i n g  
could  set  o f f  an  explos ion .  
B i t s  
There a r e  a  v a r i e t y  of  b i t s  t h a t  can be used t o  d r i l l  coa l  (2-5j.  These 
i n c l u d e  a  t h r ee -b l ade  drag  b i t ,  p lug  b i t ,  and a  th ree-cone  r o l l e r  bTt ( f i g .  1 ) .  
Choice of t h e  type  of b i t  used w i l l  be  governed p r i m a r i l y  by c o s t  and perform- 
ance  of  t h e  b i t .  For  f i x e d  l e v e l s  of b i t  t h r u s t  and r o t a t i o n a l  speed,  t h e  
d r ag  b i t  by f a r  has  t h e  h i g h e s t  p e n e t r a t i o n  r a t e  i n  c o a l  and i s  t h e  l e a s t  
c o s t l y .  Table  1 shows comparat ive p e n e t r a t i o n  r a t e s  of t h e  va r ious  types  o f  
b i t s  (4). The drag  b i t  has  one disadvantage.  I t  w i l l  n o t  p e n e t r a t e  a  hard 
i n c l u s i o n  such a s  a  p y r i t e  b a l l .  When t h i s  occu r s ,  t h e  d r i l l  p ipe  i s  p u l l e d  
and a  three-cone r o l l e r  b i t  i s  used.  I f  p y r i t e  b a l l s  a r e  p r eva l en t  i n  a  c o a l -  
bed ,  t h e  three-cone r o l l e r  b i t  i s  used throughout t h e  h o l e - d r i l l i n g  program 
even through p e n e t r a t i o n  r a t e s  a r e  lower than  t h e  drag  b i t  by f a c t o r s  of 3 t o  
4 .  Use of t h e  th ree-cone  r o l l e r  b i t  circumvents f r equen t  p u l l i n g  of d r i l l  
p i p e  du r ing  d r i l l i n g .  B i t  d iameters  used i n  t h e  ~ u r e a u ' s  h o l e - d r i l l i n g  
programs range from 3 t o  3-518 inches .  
TABLE 1. - B i t  p e n e t r a t i o n  r a t e s ,  (Ohio s t r i p  p i t )  
(3,000 -1b t h r u s t  , 200 r/min) 
D r i l l  Rod 
B i t  type  
Drag ........................... 
........... Three cone r o l l e r . . .  
Plug ........................... 
Flush  j o i n t  c a s ing  i s  used f o r  d r i l l  rod i n  h o r i z o n t a l  d r i l l i n g  programs 
conducted by t h e  Bureau (2, 5) .  S p e c i f i c a t i o n s  of c a s i n g  a r e  shown i n  t a b l e  2 .  
Genera l ly ,  f o r  ho l e s  d r i l l e d 5 0 0  o r  more f e e t ,  BQ f l u s h  j o i n t  c a s ing  i s  used.  
Ten-foot  l eng ths  a r e  used f o r  e a s e  of handl ing  i n  underground l o c a t i o n s .  
P e n e t r a t i o n  r a t e ,  
f  t /min 
11 -12 
3 -  4  
2 -  5  
TABLE 2. - Casing s p e c i f i c a t i o n s  
Casing 
Outs ide  diameter  ................. i nch . .  
I n s i d e  diameter  ................... do. . .  
Threads pe r  inch .  ...................... 











C e n t r a l i z a t i o n  of D r i l l  S t r i n g  
The pr imary o b j e c t i v e  d u r i n g  d r i l l i n g  i s  t o  m a i n t a i n  t h e  t r a j e c t o r y  of 
t h e  h o l e  p a r a l l e l  t o  bedding p l a n e s  of t h e  coa lbed .  I f  t h e  b i t  d e v i a t e s  from 
t h i s  c o u r s e ,  some means of c o r r e c t i n g  i t s  p a t h  must be a p p l i e d  t o  p r e v e n t  t h e  
h o l e  from i n t e r c e p t i n g  t h e  f l o o r  o r  r o o f .  
Exper ience h a s  shown t h a t  t h e  t r a j e c t o r y  of a  Lo le  b e i n g  d r i l l e d  w i t h  a  
b i t  and f l u s h  j o i n t  c a s i n g  o n l y  ( f i g .  2 )  i s  u n p r e d i c t a b l e .  R o t a t i n g  t h i s  
assembly a t  500 r /min and low l e v e l s  of t h r u s t  causes  t h e  b i t  t o  wear t h e  
bot tom s i d e  of t h e  h o l e  and a r c  downward. However, a s  t h r u s t  l e v e l s  a r e  
i n c r e a s e d ,  t h e  h o l e  may a r c  upward o r  downward and t h e  t r a j e c t o r y  i s  
u n p r e d i c t a b l e  g e n e r a l l y .  
I f  a  s h o r t  c e n t r a l i z e r  ( f i g .  3) (4-5) i s  p l a c e d  d i r e c t l y  behind t h e  b i t ,  
t h e  t r a j e c t o r y  of t h e  h o l e  w i l l  f o l l o w  a n  a r c  i n t o  t h e  r o o f .  The c e n t r a l i z e r  
i s  a b o u t  8 t o  1 0  i n c h e s  long ,  and i t s  d iameter  i s  1 / 1 6  i n c h  less t h a n  t h e  
d iamete r  of t h e  b i t .  Th i s  d r i l l  s t r i n g  i s  shown i n  f i g u r e  4 .  The weight  of 
t h e  d r i l l  s t r i n g  i s  borne  by t h e  c e n t r a l i z e r .  However, t h e  d r i l l  c a s i n g ,  
which l i e s  on t h e  bot tom of t h e  h o l e ,  t ends  t o  t i l t  t h e  c e n t r a l i z e r  and b i t  
s l i g h t l y  upwards, and consequen t ly ,  t h e  b i t  fo l lows  a  t r a j e c t o r y  i n t o  t h e  r o o f .  
The s p i r a l s  on t h e  c e n t r a l i z e r  ( c lockwise  o r  coun te rc lockwise )  do n o t  a f f e c t  
t h e  performance of a  d r i l l - s t r i n g  c o n f i g u r a t i o n  (4) .  Clockwise s p i r a l s  a r e  
used  because  of t h e  tendency t o  a s s i s t  i n  t h e  removal of c u t t i n g s .  
S h i f t i n g  t h e  c e n t r a l i z e r  from a  p o s i t i o n  d i r e c t l y  behind t h e  b i t  t o  a  
p o s i t i o n  one c a s i n g  l e n g t h  (10 f e e t )  from t h e  b i t  c a u s e s  t h e  t r a j e c t o r y  o f  
t h e  h o l e  t o  f o l l o w  a  curved p a t h  downward ( f i g .  5 ) .  The f l e x i b i l i t y  o f  t h e  
c a s i n g  and t h e  weight  o f  t h e  b i t  bends t h e  d r i l l  s t r i n g  downward s l i g h t l y  and,  
consequen t ly ,  t h e  t r a j e c t o r y  of t h e  h o l e  w i l l  b e  downward. I f  two l e n g t h s  o f  
d r i l l  c a s i n g  fol lowed by a  c e n t r a l i z e r  a r e  used ,  t h e  t r a j e c t o r y  of t h e  h o l e  
i n t o  t h e  bottom i s  s t e e p e r .  
Based on t h e  t r a j e c t o r i e s  of t h e  d r i l l  s t r i n g s  ( f i g s .  4 - 5 ) ,  one would 
assume l o g i c a l l y  t h a t  t h e  u s e  o f  two c e n t r a l i z e r s - - o n e  d i r e c t l y  behind t h e  b i t ,  
and a n o t h e r  10 f e e t  behind t h e  f i r s t  c e n t r a l i z e r  ( f i g .  6)--would keep t h e  b i t  
on a  h o r i z o n t a l  t r a j e c t o r y .  However, t h i s  i s  n o t  s o .  Exper ience  h a s  shown 
t h a t  t h e  t r a j e c t o r y  of t h i s  d r i l l  s t r i n g  i s  a  downward p a t h .  There  i s  no 
s a t i s f a c t o r y  e x p l a n a t i o n  f o r  t h i s  behav ior .  S e p a r a t i n g  t h e  two c e n t r a l i z e r s  
by two j o i n t s  of d r i l l  c a s i n g  (20 f e e t )  does n o t  s o l v e  t h e  problem e i t h e r .  
The j o i n t  between t h e  two c e n t r a l i z e r s  and t h e  f l e x i b i l i t y  of t h e  d r i l l  c a s i n g  
c a u s e s  t h e  d r i l l  s t r i i l g  t o  bow upward between t h e  two c e n t r a l i z e r s ;  
consequen t ly ,  t h e  t r a j e c t o r y  of t h e  h o l e  i s  upward ( f i g .  7 ) .  
The d r i l l  s t r i n g  t h a t  g i v e s  t h e  b e s t  o v e r a l l  r e s u l t s  i s  t h e  c o n f i g u r a t i o n  
shown i n  f i g u r e  8 (A). This  c o n f i g u r a t i o n  i s  s i m i l a r  t o  t h a t  i n  f i g u r e  7 ,  
e x c e p t  t h e  BQ d r i l l  rod  i s  r e p l a c e d  by a  heavy NW d r i l l  r o d  ( f i g .  9 ) .  Th i s  
r o d  i s  2 -5/8-inch-OD, 1 -3/4 -inch-ID, and weighs abou t  205 pounds. The 
e q u i v a l e n t  l e n g t h  of BQ d r i l l  rod  weighs abou t  80 pounds i n  comparison.  The 
heavy NW d r i l l  r o d  s t i f f e n s  t h e  d r i l l i n g  assembly and adds  we igh t  t o  t h e  
FIGURE 2. - D r i l l  string wi th b i t  and d r i l l  casing. 
SCALE,  inches 
FIGURE 3. - Centralizer. 
FIGURE 4. - B r i l l  string with one centralizer behind bit. 
FIGURE 5. - D r i l l  string with one centralizer 10 feet behind bit. 
FIGURE 6. - D r i l l  string wi th two centralizers 10 feet apart. 
__. - - ---- 
FIGURE 7. - D r i l l  string with two centralizers 20 feet apart. 
FIGURE 8. - D r i l l  string with two centralizers separated by a 20-foot-NW d r i l l  rod. 
FIGURE 9, - Dr i l l  rod, A, BQ; R, NW* 
bottom side of the bit. The drilling assembly (fig. 8) can be made to drill 
upward, downward, or horizontally. 
CONTROL OF HOLE TRAJECTORY 
There are two drilling parameters that affect the trajectory of a drill 
string and are controlled by the driller. However, before changes are made 
by the driller, he must know beforehand the path the bit is following with 
respect to a programed trajectory. This information is obtained with 
instruments such as Sperry-Sun or Eastman Well Surveying Co. single-shot 
survey instrument. 5 
Ho 1 e Surveying 
Figures 10 and 11 show the single-shot survey instrument and its pro- 
tective case, respectively. This instrument contains electrical components; 
therefore, it must be made permissible and approved for use in coal mines. 
Only the path of the bit in a vertical plane is measured and controlled. 
Control of the path of the bit in an azimuthal direction will be discussed in 
succeeding paragraphs. 
5~eference to specific equipment does not imply endorsement by the Bureau of 
Mines. 
FIGURE 10. - Single-shot survey instrument. 
FIGURE 11. - Protective case for survey instrument. 
FIGURE 12. - Survey instrument. A, Timer; li', batteries; C, inclination unit. 
The e s s e n t i a l  elements ( f i g .  12) of t h e  s ing le - sho t  surveying instrument  
a r e  t h e  i n c l i n a t i o n  u n i t ,  which i s  i n  t he  form of a n  inve r t ed  plumb bob, 
b a t t e r i e s  t o  f u r n i s h  e l e c t r i c a l  power, and a t imer,  which c o n t r o l s  t h e  
e l e c t r i c a l  c i r c u i t s  and i l l umina te s  t he  ang le  u n i t  a t  a p r e s e t  time t o  
record  the  i n c l i n a t i o n  on a f i l m  d isk .  Spec ia l  loading and developing 
tanks permit handl ing of t h e  photographic record d i s k  i n  day l igh t  o r  without  
t u rn ing  o f f  cap lamps underground. 
When the  i n c l i n a t i o n  of t he  b i t  i s  t o  be determined, t h e  surveying 
instrument  i s  placed i n  i t s  p r o t e c t i v e  cas ing ,  which i s  then  i n s e r t e d  i n t o  
the  d r i l l  cas ing  and pumped wi th  water  t o  the  end of t h e  ho le .  A t  a p r e s e t  
t i m e ,  the  f i l m  d i s k  i s  exposed and, subsequent ly,  t he  instrument  i s  r e t r i e v e d  
by wi re - l i ne ,  which i s  a t t ached  t o  the p r o t e c t i v e  casing.  The f i l m  d i sk  i s  
removed, developed, and read. The de termina t ion  of t h e  i n c l i n a t i o n  of t h e  
b i t  t akes  about  1 hour f o r  a ho le  a t  a depth of 1,000 f e e t .  I n i t i a l l y ,  t h e  
ho le  i s  surveyed every 30 f e e t .  I f  the  b i t  maintains  i t s  programed t r a j e c t o r y ,  
surveys a r e  extended t o  50- foo t  i n t e r v a l s ,  then  t o  100- foo t  i n t e r v a l s .  When 
t h e  b i t  beg ins  t o  d e v i a t e ,  t h e  surveys a r e  made a g a i n  a t  30- foo t  i n t e r v a l s .  
D r i l l i n g  Parameters 
Two d r i l l i n g  parameters t h a t  a f f e c t  t h e  pa th  of t h e  b i t  i n  a  v e r t i c a l  
p lane  a r e  b i t  t h r u s t  and r o t a t i o n a l  speed. Table 1 shows t h a t  t h e  p e n e t r a t i o n  
r a t e  of  t h e  drag  b i t  i s  11 t o  12 f t /m in  us ing  3,000-pound t h r u s t  and 200 r /min.  
A t  h ighe r  t h r u s t  l e v e l s ,  p e n e t r a t i o n  r a t e s  o f  19 f t /m in  a r e  ob ta ined ,  p rov id -  
i n g  t h e  f l u i d  r e t u r n  r a t e  i s  25 gal /min o r  more. However, t he  h igh  p e n e t r a -  
t i o n  r a t e s  p o t e n t i a l l y  ob t a inab l e  i n  c o a l  a r e  never a t t a i n e d  dur ing  c o n t r o l l e d  
d r i l l i n g  ( f i g .  8 ) .  Thrust  l e v e l s  normally used dur ing  d r i l l i n g  range between 
500 and 2,000 pounds. B i t  r o t a t i o n a l  speed ranges  from 200 t o  900 r/min. 
The t h r u s t  app l i ed  determines  no t  only t h e  p e n e t r a t i o n  r a t e  bu t  a l s o  t h e  
pa th  of t h e  b i t .  Table  3  summarizes t h e  e f f e c t  of t h r u s t  and b i t  r o t a t i o n a l  
speed on b i t  t r a j e c t o r y  ( 4 ) .  Levels  of t h r u s t  and r o t a t i o n a l  speed shown i n  
t a b l e  3  a r e  meant a s  g u i d e l i n e s  and may vary  from one coalbed t o  ano the r .  
TABLE 3. - E f f e c t  of t h r u s t  and b i t  r o t a t i o n a l  speed on h o l e  t r a j e c t o r y  
D r i l l i n g  Procedures  
Th rus t ,  pounds 
800 .............................. 
1,200  ............................ 
2,000 o r  g r e a t e r  ................. 
Experience i n  d r i l l i n g  ho l e s  i n  t h e  P i t t s b u r g h  coalbed shows t h a t  t h e  
bottom 3 .5  f e e t  i s  r e l a t i v e l y  s o f t  and f r e e  of p y r i t e  i n c l u s i o n s .  However, 
t h e  top  3 .5  f e e t  i s  much ha rde r  and con t a in s  numerous s t r e a k s  and bands of 
p y r i t e .  No d i f f i c u l t y  was encountered i n  l i f t i n g  o r  dropping t h e  b i t ,  when 
neces sa ry ,  i n  t h e  lower 3.5 f e e t .  However, when t h e  ho le  was i n  t h e  upper 
3 .5  f e e t ,  cons ide rab l e  d i f f i c u l t y  was exper ienced i n  a t t emp t s  t o  drop t h e  b i t  
because of  t h e  r e s i s t a n c e  t o  p e n e t r a t i o n  due t o  hardness  of t h e  bands of 
p y r i t e  i n  t h e  coalbed.  
The procedures  f o r  dropping t h e  b i t  a r e  t o  reduce t h r u s t  t o  about  
800 pounds and i n c r e a s e  b i t  r o t a t i o n a l  speed t o  about  800 r /min.  A t  t h e  end 
of each 10 f e e t  of d r i l l i n g ,  s e v e r a l  slow reaming passes  a r e  made t o  wear t h e  
bottom of t he  h o l e .  This  procedure was repea ted  f o r  each 10 f e e t  of pene t r a -  
t i o n  f o r  d i s t a n c e s  of 50 t o  100 f e e t .  I n  many c a s e s ,  t he se  procedures  dropped 
t h e  b i t ;  however, i n  s e v e r a l  c a s e s ,  t h e  b i t  d i d  not  drop f a s t  enough and,  
consequent ly ,  t h e  roof  rock was encountered.  The procedure then  i s  t o  p u l l  
t h e  d r i l l  p ipe  and remove t he  c e n t r a l i z e r  behind t h e  b i t .  The b i t  i s  backed 
o f f  t h e  end of t h e  ho l e  20 t o  30 f e e t ,  and s l o t t i n g  runs a r e  made f o r  each 
10 f e e t  of  d r i l l i n g .  Removing t h e  f r o n t  c e n t r a l i z e r  s h i f t s  t h e  weight  of t h e  
heavy NW d r i l l  rod t o  t h e  b lades  of t he  drag  b i t .  The bottom of t h e  h o l e  i s  
qu i ck ly  and e f f e c t i v e l y  worn and a  new h o l e  s t a r t e d  s l i g h t l y  below t h e  o ld  one. 
The new ho l e  i s  surveyed every 20 f e e t  u n t i l  t he  de s i r ed  ang l e  i s  ob t a ined ,  
and t h e  d r i l l  p ipe  i s  p u l l e d ,  t he  f r o n t  c e n t r a l i z e r  r ep l aced ,  and d r i l l i n g  i s  
con t inued .  




E f f e c t  on b i t  t r a j e c t o r y  
Downward o r  dropping.  
Holds ang l e .  
Upward o r  l i f t i n g .  
The p rocedures  f o r  l i f t i n g  t h e  b i t  a r e  e a s i e r  and more e f f e c t i v e ,  
g e n e r a l l y .  Thrus t  i s  i n c r e a s e d  t o  2 ,000 t o  3 ,000 pounds and b i t  r o t a t i o n a l  
speed i s  reduced t o  abou t  200 r / m i n .  A h o l e  d e v i a t i n g  by 1 "  i s  brought  back 
on c o u r s e  w i t h i n  30 f e e t  o f  d r i l l i n g .  P e n e t r a t i o n  r a t e s  a r e  h i g h e r  a l s o  
because  of t h e  h i g h e r  t h r u s t  l e v e l s .  I n  some c a s e s ,  such a s  a  h o l e  t h a t  i s  
d ropp ing  2" t o  3O below i t s  programed t r a j e c t o r y  and approach ing  t h e  bottom of 
t h e  c o a l b e d ,  removal o f  t h e  back c e n t r a l i z e r  t u r n s  t h e  h o l e  more r a p i d l y  and 
may p r e v e n t  t h e  b i t  from e n t e r i n g  t h e  bottom. To do t h i s ,  t h e  d r i l l  p i p e  
must be p u l l e d  t w i c e .  
Human F a c t o r s  
There  i s  p r e s e n t l y  no s u b s t i t u t e  f o r  e x p e r i e n c e  i n  l o n g  h o r i z o n t a l  h o l e  
d r i l l i n g .  The d r i l l e r  must be  f a m i l i a r  w i t h  t h e  t o o l s ,  equipment ,  and t h e i r  
r e s p o n s e  t o  d r i l l i n g  pa ramete r s .  He must make f r e q u e n t  h o l e  s u r v e y s ,  which 
d e t r a c t s  from a c t u a l  d r i l l i n g  t ime .  A t  d e p t h s  approach ing  1 , 0 0 0  f e e t ,  su rvey  
t ime  r e q u i r e s  abou t  1 hour .  T h e r e f o r e ,  t h e  d r i l l e r  t e n d s  t o  d r i l l  f o r  l o n g e r  
p e r i o d s  b e f o r e  s u r v e y i n g .  Consequen t ly ,  a  h o l e  may have d i v e r t e d  from i t s  
programed t r a j e c t o r y  by more t h a n  1 "  when f i n a l l y  su rveyed .  C o n s i d e r a b l e  
t i m e  may be  l o s t  r e d i r e c t i n g  t h e  h o l e  t o  i t s  p roper  t r a j e c t o r y .  No s e r i o u s  
d e l a y  t ime w i l l  occur  p r o v i d i n g  t h e  b i t  i s  main ta ined  w i t h i n  I "  o f  i t s  
programed t r a j e c t o r y .  
The d r i l l e r  must r e a c t  immediate ly  t o  rod  c h a t t e r  sounds f r o n  h i s  d r i l l ,  
which i n d i c a t e  h a r d  s p o t s  i n  t h e  c o a l b e d .  These ha rd  s p o t s  t e n d  t o  d e f l e c t  
t h e  b i t  i n  a n  u n p r e d i c t a b l e  manner. The d r i l l e r  shou ld  reduce  t h r u s t  u n t i l  
t h e  zone h a s  been d r i l l e d .  S o f t  s p o t s  i n  t h e  coa lbed  a r e  a  problem a l s o .  
P e n e t r a t i o n  r a t e s  are ex t remely  h i g h  (5  f t / m i n  a t  1,000-pound t h r u s t  and 
300 r / m i n ) ,  and t h e b i t  t e n d s  t o  a r c  downward r a p i d l y .  When s o f t  s p o t s  a r e  
i n t e r c e p t e d ,  t h e  d r i l l e r  shou ld  reduce  t h e  r o t a t i o n a l  speed as low a s  
p o s s i b l e  and i n c r e a s e  t h r u s t  t o  p r e v e n t  t h e  b i t  from wear ing t h e  bottom of  
t h e  h o l e  e x c e s s i v e l y  and a r c i n g  downward. 
Azimuthal  Con t ro l  
T h r u s t  and b i t  r o t a t i o n a l  speed do n o t  appear  t o  a f f e c t  t h e  p a t h  of  t h e  
b i t  i n  a n  a z i m u t h a l  d i r e c t i o n  when d r i l l i n g  w i t h  t h e  assembly ( f i g .  8 ) .  
Surveys  o f  h o l e s  d r i l l e d  t o  d e p t h s  o f  abou t  1 ,000  and 1 , 1 0 0  f e e t  showed t h a t  
t h e  h o l e s  were 1 3  and 22 f e e t  l e f t ,  r e s p e c t i v e l y ,  of  t h e  o r i g i n a l  b e a r i n g  
l i n e s  a t  d e p t h  (4) .  For  d e g a s i f i c a t i o n  purposes ,  g e n e r a l l y  t h i s  d i s t a n c e  i s  
n o t  c r i t i c a l ,  and no a t t e m p t  i s  made t o  c o n t r o l  t h e  b i t  i n  a  az imutha l  
d i r e c t i o n .  However, p r e c a u t i o n s  a r e  t a k e n  when p y r i t e  b a l l s  a r e  encoun te red  
because  t h e  b i t  c a n b e d e f l e c t e d  b o t h  i n  t h e  v e r t i c a l  and a z i m u t h a l  d i r e c t i o n s .  
Methane C o n t r o l  
Methane f low rates from h o r i z o n t a l  h o l e s  d r i l l e d  i n  v i r g i n  c o a l  a r e a s  
i n c r e a s e  a t  a  r a t e  of  45 f t 3 / m i n  p e r  100 f e e t  of h o l e  i n  t h e  P i t t s b u r g h  
c o a l b e d .  At h o r i z o n t a l  d i s t a n c e s  of  1 ,000  f e e t ,  t h e  f low r a t e  i s  approach ing  
450 f t 3 / m i n  and s u f f i c i e n t  a i r  must be  c i r c u l a t e d  t o  r educe  c o n c e n t r a t i o n s  o f  
methane t o  l e v e l s  below 1 p c t  a t  t h e  d r i l l i n g  s i t e .  T h e r e f o r e ,  a t  l e a s t  
45,000 f t 3 / m i n  of a i r  i s  r e q u i r e d .  The l a r g e  q u a n t i t i e s  of a i r  r e q u i r e d  a r e  
n o t  a v a i l a b l e  g e n e r a l l y ;  t h e r e f o r e ,  o t h e r  means of h a n d l i n g  methane d u r i n g  
d r i l l i n g  must be used .  
F igure  13  shows t h e  method used i n  coping w i t h  l a r g e  q u a n t i t i e s  of 
methane.  D r i l l i n g  i s  conducted through a  Bureau des igned  and f a b r i c a t e d  
s t u f f i n g  box a t t a c h e d  t o  a  2 0 - f o o t  l e n g t h  of 6- inch-diam p i p e  g rou ted  i n t o  
t h e  c o a l b e d .  Water and d r i l l  c u t t i n g s  drop i n t o  t h e  bottom of  t h e  box,  and 
methane i s  drawn o f f  t h e  t o p  of t h e  box.  F l e x i b l e  tub ing  i s  used t o  connec t  
t h e  top  o f  t h e  s t u f f i n g  box t o  a  v e r t i c a l  8- inch-diam b o r e h o l e ,  which i s  
main ta ined  a t  a  s l i g h t l y  n e g a t i v e  p r e s s u r e  by a  s u r f a c e  e x h a u s t e r  o r  n a t u r a l  
d r a f t .  Th i s  method i s  a  s a f e  and e f f i c i e n t  means of  h a c d l i n g  f lows of methane 
d u r i n g  d r i l l i n g .  
The s t u f f i n g  box does  n o t  s o l v e  a l l  methane problems.  When d r i l l  p i p e  
i s  b e i n g  p u l l e d  o r  d u r i n g  h o l e  s u r v e y s ,  gas p r e s s u r e  a t  t h e  back of t h e  
h o r i z o n t a l  h o l e  c l e a r s  t h e  d r i l l  p i p e  of  wa te r  and methane b e g i n s  t o  f low 
i n t o  t h e  mine opening.  A one-way check v a l v e  p l a c e d  i n  t h e  d r i l l  s t r i n g  
e i t h e r  d i r e c t l y  behind t h e  b i t  o r  behind t h e  second c e n t r a l i z e r  e l i m i n a t e s  
t h i s  unsa fe  c o n d i t i o n  ( f i g .  1 4 ) .  
D r i l l i n g  Example 
F i g u r e  15 shows a  p a r t i a l  p l o t  of  t h e  t r a j e c t o r y  o f  a  h o r i z o n t a l  h o l e  
d r i l l e d  w i t h  a  3-112- inch d r a g  S i t  and t h e  d r i l l  s t r i n g  c o n f i g u r a t i o n  ( f i g .  8) .  
Th i s  example shows t h e  response  of  t h e  d r i l l  s t r i n g  t o  d r i l l i n g  pa ramete r s  
( t h r u s t  and r o t a t i o n a l  s p e e d ) ,  t h e  s t r a t e g y  used ,  and t h e  seemingly  u n e x p l a i n -  
a b l e  e v e n t s  t h a t  occur  d u r i n g  d r i l l i n g  o p e r a t i o n s .  The d i p  o f  t h e  coa lbed  
i n  t h e  d i r e c t i o n  of d r i l l i n g  averages  +0.25".  The d e s i g n a t i o n  -I-0.25" 
i n d i c a t e s  t h e  d i p  of t h e  coa lbed  i s  0.25" above h o r i z o n t a l .  The d e s i g n a t i o n  
-0 .8"  i n d i c a t e s  0 .8"  below h o r i z o n t a l .  
FIGURE 13. - Stuffing box for methane control. 
FIGURE 14. - BQ one-way check valve. 
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FIGURE 15. - Plot of hole trajectory. 
During the drilling operation, a plot is maintained of the trajectory of 
the hole. The location of the bit relative to a horizontal plane is known 
at all times. If the coalbed undulates, another unknown is introduced. 
Table 4 summarizes the drilling parameters used during each interval drilled 
and the survey angles at the end of each drilling interval; the strategy 
used for the next drilling interval is provided under remarks. 
TABLE 4. - Summary of drilling parameters 








Angle,I ~ e ~ t h ,  
886-916 .... 
with upward parameters. 
Trajectory beginning to level 
out. Continue drilling with 
upward parameters. 




Bit trajectory turned. Reduce 
thrust and increase 
rotational/speed. 
Reduce thrust to break upward 
path of bit during next 
interval of drilling. 
Bit angle is decreasing. 
Continue drilling with 
downward parameters. 
Increase thrust level slightly 
during next interval. 
Continue drilling with downward 
parameters for 10 feet to 
confirm previous survey. 
Continue drilling next interval 
with slightly dropping 
parameters. 
Continue drilling with slightly 
downward parameters for 
10 feet to confirm survey at 
1,286. 




downward parameters for 
10 feet. 
Continue drilling with dropping 
 NO survey made. 
parameters. 
Angle decreasing. Continue 
drilling with dropping 
parameters. 
Pull drill pipe. Remove front 
centralizer. Restart hole at 
1,306 feet. 
r/min 
345 -0.8 916 Continue drilling next interval 




























New hole started. Bit 
trajectory near horizontal. 
Pull drill pipe and replace 
front centralizer. Continue 
drilling with slightly lifting 
parameters. 
Continue drilling with slightly 
dropping parameters. 
Continue drilling with dropping 
parameters. 
Increase thrust to lifting 
parameters for next interval. 
Continue drilling with lifting 
parameters. 
Trajectory beginning To level 
out. Continue with lifting 
parameters. 
Bit trajectory turned. Decrease 
thrust to dropping parameters. 





Hole near bottomof coalbed. 
Drill with lifting parameter 
to bring hole up. 
Continue drilling with lifting 
parameters. Increase thrust. 
Decrease thrust, but continue 
drilling with lifting 
parameters. 
Decrease thrust, but continue 
drilling with lifting 
parameters. 

















































































































The i n t e r v a l  of d r i l l i n g  between 1,246 and 1,296 f e e t  provides  a n  example 
of a n  unpredic tab le  event .  D r i l l i n g  a t  1,246 f e e t  i s  p rogress ing  wi th  ho l e -  
dropping parameters.  However, a  survey a t  t h e  end of t h e  d r i l l i n g  i n t e r v a l  
a t  1 ,296 f e e t  shows t h a t  t h e  b i t  t r a j e c t o r y  has reversed  sharp ly .  D r i l l i n g  
i s  cont inued wi th  dropping parameters ,  bu t  t h e  b i t  t r a j e c t o r y  ang le  cont inues 
t o  i n c r e a s e .  Pas t  d r i l l i n g  experience shows t h a t  i f  t h e  b i t  dev i a t e s  by more 
t han  +ZO from i t s  programed pa th ,  p u l l i n g  d r i l l  p ipe ,  removing t h e  f r o n t  
c e n t r a l i z e r ,  and r e s t a r t i n g  a  new ho le  a r e  procedures t o  be  used i n s t e a d  of 
a t t empt ing  t o  t u r n  t h e  ho l e  using 600-pound t h r u s t  and high r o t a t i o n a l  speed 
(>500 r /min) .  The only l o g i c a l  explana t ion  f o r  t h e  ho l e  ang le  r e v e r s a l  i s  
t h a t  t h e  b i t  encountered a  hard  spot  a t  a  g lanc ing  angle  and was d e f l e c t e d  
upward. 
The i n t e r v a l  between 1,926 and 2,126 f e e t  i s  an  example of d r i l l i n g  i n  
s o f t  c o a l .  Pene t r a t i on  r a t e s  ranged from 30 t o  40 in/min a t  t h r u s t  l e v e l s  of 
2 ,16Oto2 ,500  pounds. Normally, t h e  ho l e  t r a j e c t o r y  would t u r n  upward a t  a  
sharper  ang le .  D r i l l i n g  was terminated a t  2,126 f e e t  because of  a  l a ck  of 
d r i l l  p ipe .  The only mechanical problem wi th  t h e  d r i l l  was a  worn hydrau l i c  
motor d r i v i n g  t h e  s p i n d l e .  Spindle  r o t a t i o n a l  speed could no t  be i nc reased  
beyond 350 r /min.  General ly  h igher  r o t a t i o n a l  speed i s  needed when hole  
t r a j e c t o r y  i s  t o  be dropped. 
S imi l a r  d a t a  have been obtained i n  t h e  d r i l l i n g  of f i v e  a d d i t i o n a l  ho l e s  
i n  t he  P i t t sbu rgh  coalbed. The experience der ived  from those  t e s t s  s u b s t a n t i -  
a t e s  t h e  da t a  i n  t a b l e  4  and a r e  no t  provided he re  because t h e  purpose of t h i s  
r e p o r t  i s  t o  desc r ibe  a  proven method f o r  r o t a r y  d r i l l i n g  degas . i f i ca t i on  holes  
i n  coalbeds.  
ALTERNATE DRILLING ASS EMBLY 
The preceding d i scus s ions  were a p p l i c a b l e  t o  t h e  d r i l l i n g  assembly 
( f i g .  8 ) .  The diameter  of t h e  c e n t r a l i z e r s  i s  3-7/16 inches ,  which i s  
1 /16  inch  l e s s  than  t h e  diameter of t h e  b i t  (3-112 inches ) .  Typical  d r i l l i n g  
parameters and a s s o c i a t e d  pene t r a t i on  r a t e s  i n  t h e  P i t t sbu rgh  coalbed a r e  
shown i n  t a b l e  5 .  
TABLE 5.  - Pene t r a t i on  r a t e s  us ing  a  3-112-inch b i t  
I nc reas ing  t h e  t h r u s t  l e v e l  t o  more than 1,200 pounds causes  t h e  b i t  
t r a j e c t o r y  t o  fol low a curved pa th  upward. Dropping a  ho l e  r e q u i r e s  t h r u s t  
t o  be reduced t o  t he  800-pound l e v e l ;  accord ingly ,  t h e  pene t r a t i on  r a t e  
decreases  t o  about 5  in/min.  Ce r t a in ly  t h e  f u l l  p o t e n t i a l  of t h e  hydrau l ic  
d r i l l i n g  u n i t  i s  no t  being u t i l i z e d .  
Thrus t ,  pounds 
800.. ........... 
1,200 ........... 
1,500 o r  g r e a t e r  
Pene t r a t i on  r a t e ,  
in/min 
4 -  7  
10 
15  o r  g r e a t e r  
B i t  





E f f e c t  on b i t  
t r a j e c t o r y  
Downward.. ... 
Holds ang le . .  
Upward. ...... 
To improve the performance of the drill unit, the bit diameter of the 
drilling assembly (fig. 8) was increased to 3-518 inches. The centralizer 
diameter is 3116-inch less than bit diameter. Under this condition, the bit 
tends to wear the bottom side of the hole and, consequently, arcs toward the 
bottom more rapidly than the 3-112-inch bit. To overcome the tendency to drop, 
thrust levels were increased to about 1,700 pounds to maintain the bit on a 
horizontal trajectory. The drilling parameters and associated penetration 
rates are shown in table 6. 
TAELE 6. - Penetration rates using a 3-518-inch bit 
Increasing the bit diameter improves the performance of the drilling 
assembly. There is a general increase in penetration rate, changing bit 
trajectory especially downward is easier, and bit rotational speed is reduced, 
eliminating much of the drill rod vibration that occurs over 400 rlmin. The 
only disadvantage to the larger bit diameter assembly is bit wear. Normally, 
a 3-112-inch bit will become dull after drilling 1,000 to 1,200 feet. The 
points or corners of the blades become rounded and penetration drops slightly. 
The sides of the blades and corners of the 3-518-inch bit become rounded in 
about 800 feet of drilling. This is due to the weight of the heavy NW drill 
collar, which is shifted to the sides of the bit blades. However, any 
disadvantage due to bit wear is overshadowed by the improved performance of 





Although experimentation with a larger bit diameter such as 3-314 inches 
was not attempted, results of the tests with the 3-518-inch bit indicate the 
performance of the drilling assembly can be improved further. The 3-314-inch 
bit will arc dom.ward more rapidly than the 3-518-inch bit. To overcome this 
tendency, thrust levels rnust be increased to about the 2,100-pound level to 
maintain the bit on a horizontal trajectory, Penetration rates will be 
increased in general. 







Figures 16 and 17 show the drill and power units, respectively. The 
power unit consists of a 30-hp, 440-volt permissible motor and starter box, 
hydraulic pumps, and a 40-gal hydraulic fluid reservoir. A fire-resistant 
fluid (water in oil emulsion) is used in the hydraulic system. The drill unit 
consists of a 5-foot hydraulic cylinder mounted within its frame, a spindle 
mounted on a movable carriage, and valves, gages, and levers for controlling 
rotational speed, thrust, and movement of the carriage, 
The electric motor drives two hydraulic pumps. One pump (20 gal/min) 
pressurizes the 5-foot hydraulic cylinder on the drill unit, which provides 









22 or greater 
FIGURE 16. - Dri l l  unit. 
FIGURE 17. - Power unit. 
t h r u s t  on t h e  b i t .  The second is  a r e v e r s i b l e ,  v a r i a b l e  displacement pump 
(29 gal lmin) ,  which powers a hydrau l i c  motor mounted on t h e  sp ind le  of t h e  
d r i l l  u n i t .  
The t h r u s t  p o t e n t i a l  of t h e  d r i l l  u n i t  i s  13,000 pounds. The 5- foot  
hydrau l i c  cy l inde r  i s  connected by steel c a b l e  t o  t h e  c a r r i a g e  through a 
system of pu l l eys .  The c a r r i a g e  t r a v e l s  about 10 f e e t  a s  t h e  p i s t o n  extends 
t o  5 f e e t .  
F igure  1 3  shows a view of t h e  c o n t r o l  panel  of t h e  d r i l l  u n i t .  The 
d r i l l e r  i s  a b l e  t o  monitor and c o n t r o l  d r i l l  r o t a t i o n a l  speed,  t h r u s t ,  d r i l l  
p ipe  water  pressure ,  and d i r e c t i o n  of c a r r i a g e  t r a v e l  from one loca t ion .  
D r i l l  p ipe water  p re s su re  i s  monitored t o  i n s u r e  water  c i r c u l a t i o n  a t  t h e  b i t  
a t  a l l  t i m e s .  Monitoring t h e  r e t u r n  water  does not  i n s u r e  t h a t  b i t  c u t t i n g s  
are being proper ly  f lushed.  A blockage can occur  w i t h i n  t h e  d r i l l  p ipe  o r  b i t  
and t h e  r e t u r n  waterflow w i l l  n o t  be  a f f e c t e d  f o r  s e v e r a l  minutes.  Therefore,  
s e v e r a l  f e e t  of c o a l  w i l l  have been d r i l l e d  w i th  no c u t t i n g  removal and, 
consequent ly ,  t h e  d r i l l  s t r i n g  may become lodged. However, monitor ing d r i l l  
p ipe  water  p r e s su re  would i n d i c a t e  t h e  blockage by a  sudden r i s e  i n  pressure .  
A drop i n  d r i l l  p ipe  water  p r e s su re  i n d i c a t e s  a  l o s s  of water  a t  t h e  d r i l l  
u n i t .  Both r e q u i r e  t h a t  d r i l l i n g  be stopped u n t i l  t h e  problem i s  solved.  
During d r i l l i n g  ope ra t i ons  underground, t h e  power u n i t  i s  kept  i n  f r e s h  
a i r  e n t r i e s .  Hydraul ic  l i n e s  a r e  run  between power and d r i l l  u n i t s ,  which 
may be 500 f e e t  a p a r t .  A t  t h e  d r i l l i n g  s i t e ,  t h e  d r i l l  u n i t  i s  c r ibbed  s o  
t h a t  t h e  h o r i z o n t a l  ho l e  i s  s t a r t e d  i n  about  t he  c e n t e r  of t he  coalbed. I n  
a d d i t i o n ,  t h e  d r i l l  i s  anchored t o  t h e  coalbed t o  prevent  backward movement 
of  t h e  d r i l l  u n i t  when high t h r u s t  l e v e l s  a r e  be ing  app l i ed  t o  t h e  b i t .  
CONCLUSIONS 
A proven technique f o r  h o r i z o n t a l  d r i l l i n g  i n  c o a l  has  been presen ted .  
D r i l l i n g  parameters have been der ived  f o r  t h e  P i t t s b u r g h  coalbed,  which may 
o r  may not  be a p p l i c a b l e  t o  o the r  coalbeds.  However, t he se  parameters a r e  a  
s t a r t i n g  p o i n t ,  and, w i th  exper ience ,  t h e  l e v e l s  f o r  dropping, ho ld ing ,  o r  
l i f t i n g  ho l e  t r a j e c t o r y  may r e q u i r e  s l i g h t  modi f ica t ion  f o r  d r i l l i n g  i n  o t h e r  
coalbeds.  This can  be accomplished i n  about  t he  f i r s t  300 t o  500 f e e t  o f  
d r i l l i n g .  
Surveying t o  o b t a i n  b i t  angle  i s  important  and necessary .  The d r i l l i n g  
example presen ted  shows t h a t  b i t  angle  can change r a d i c a l l y  i n  30 f e e t .  Best 
r e s u l t s  a r e  ob ta ined  when b i t  angle  i s  maintained '1.0" of programed 
t r a j e c t o r y .  
When ho le  d i r e c t i o n  i s  being changed from a n  upward t o  a  downward 
t r a j e c t o r y  o r  v i c e  v e r s a ,  t h e  surveying i n t e r v a l  should no t  exceed 20 f e e t .  
The t u r n  should be made gen t ly  t o  avoid angles  of t h e  order  of + Z O  from 
programed t r a j e c t o r y .  
Success i n  long ho le  h o r i z o n t a l  d r i l l i n g  depends t o  some degree upon the  
d r i l l e r .  There i s  no s u b s t i t u t e  f o r  exper ience  a t  t h i s  s t a g e  of development. 
The d r i l l e r  must respond immediately t o  changes i n  hardness  of t h e  coa lbed ,  
which r e q u i r e  t h r u s t  and r o t a t i o n a l  speed l e v e l s  t o  be a l t e r e d .  
The d r i l l  s t r i n g  con f igu ra t i on  ( f i g .  8) must be used. This assembly can 
be turned upward o r  downward us ing  e i t h e r  a  3-112- o r  3-518-inch b i t .  Drag 
b i t s  a r e  recommended because of t h e i r  high p e n e t r a t i o n  r a t e s  and low c o s t .  
The d r i l l  and power u n i t s  used i n  t h i s  s t udy  have ample r e se rve  power, 
and a t  no time was t h e  equipment taxed.  The d r i l l  u n i t  i s  about 18  f e e t  long 
t o  acconnnodate t he  10- foot  feed and could be made s h o r t e r  f o r  ea se  i n  handl ing ;  
however, t h e  10- foot  feed would be s a c r i f i c e d .  The d r i l l  u n i t  was equipped 
wi th  gages f o r  monitor ing t h r u s t ,  sp ind l e  r o t a t i o n  speed,  and water  p r e s s u r e  
dur ing  d r i l l i n g ,  a  n e c e s s i t y  f o r  c o n t r o l l e d  h o r i z o n t a l  d r i l l i n g .  
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